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   Abstract: Tsuboi defined the "earthquake province" as the domain where the 
seismic activity behaves in a sympathetic way. The existence and time persistency of 
earthquake provinces off the Pacific coast of Japan are reexamined using a new data 
set by  JiVIA. Eleven earthquake provinces are found covering the whole region with 
one gap at Tokai area, where a seismicity gap also exists. The province corresponds 
to the aftershock area of big earthquake in that province fairly well, and two 
neighboring provinces do not overlap each other. The earthquake province exists 
only in the period of active seismicity with big earthquake and its aftershocks 
except for a few provinces and it disappears in calm  period.  In general, therefore, the 
time persistency of earthquake province is valid only in such a sence that the location 
of earthquake province is fixed irrespective of the time of appearance.
1. Introduction 
   Tsuboi (1958) divided the seismic region in and around Japan into forty 
compartments along the Japanese Islands and he calculated the correlation coefficients 
among the time series of earthquake numbers in those compartments. Thus he defined 
the "earthquake province" as a seismic area of which activity is sympathetic with 
those in neighboring areas. He separated the whole data into two groups different 
periods of time and made the calculation for each period. Based on the result, he 
stated that the existence of earthquake province is a time persistent feature. 
   However, if a big earthquake occurred within a period, the event and its after-
shocks occupy a considerably high percentage in the number of earthquakes in a 
compartment in that period. The existence of even a single big earthquake, therefore, 
gives a serious effect on the calculated correlation coefficient and it may be said that 
the Tsuboi's calculation is not sufficient to confirm the persistency of existence of 
earthquake province. His result might be only a reflection of existence of a big shock 
and its aftershocks. The purpose of the present study is to check this point based on 
the data set between 1926 and 1973, which was recently reexamined by JMA so as to 
be more in number and accuracy than old data.
2. Data and method 
   Only the earthquakes 
60 km were taken as data 
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somewhat different from the off coast activity and that their number is too few to 
obtain a signfiicant result. The map of seismic region in concern and compartments 
are shown in Fig. 1. The numbering of compartment is seen in Fig. 1. The 
division of compartment is made by a straight line which is almost perpendicular to 
the Japanese and Kurile  arcs. This is different from the Tsuboi's case to some 
extent especially in the northern part. The width of each compartment along the 
arc is approximately 40 km on an average. 
   All the data in this study are based on the Catalogue by  JMA. The whole period 
of 48 years from 1926 to 1973 is divided into two periods of 1926-1960 and 1961-1973. 
The numbers of earthquakes in each compartment in these two periods, as well as 
that for whole period, are seen in Fig. 2. This figure shows in general that the
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  Fig. 2 Comparison of earthquake numbers in every compartment during time period of  1926-
     1960, 1961-1973 and 1926-1973. 
relative activity of each compartment is similar for two periods, although the level of 
activity is different from each other. One exception is that the activity in 1926-1960 
in the northern part (compartments between Nos. 105 and 120) shows a different 
pattern from those in another period. This may be, however, due to the low detect-
ability of JMA network before 1960. The effect of change in detectability is 
reasonably thought to be strong in this part, where are far out of the  network. The 
improvement of detectability by  JMA has been made time after time in these 48 years. 
However, this does not cause an essential change in our conclusion, as far as the 
correlation is concerned. 
   Similarly to the study by Tsuboi, the linear correlation coefficient among the time 
series of annual earthquake numbers in each compartment is calculated. As well 
known, if  X1(t) is the number in l-th compartment and in t-th year, the coefficient 
 yi„, is given by 
 E I X i)(X 2  I  {E (X 1(0— X1)2 E ,B)211/  ,
 t=i t=i t=1 
 N 
     Xr  =  E  Xi(t)IN 
 t=1 
where N is the number of years in the period and  X/ the average number. To
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estimate the reliability of calculated coefficient, the probability of accidental appear-
ance of y for the null hypothesis of no correlation is also calculated by                      
1   11 [(v+ 1)/2]                   P (
Y) (1-y2)  (v-2)/  2  ,  1/7r  r  (742) 
where  r denotes the Gamma function and  v is the degree of freedom, which is N-2. 
Using the quantity 
                                          11,I                              lm
                      Pim = 2 J  P(y)  dy  ,
we can estimate the probability of confidence for calculated correlation coefficient. 
Therefore, the discussion hereafter is made based mainly on this probability and not 
on the actually calculated value. 
3. Conformity of earthquake province with aftershock area 
   Fig. 3 shows the synthetic pattern of correlation between two compartments by 
means of symbolic expression. The symbol of $ shows the case where correlation is 
established with a higher confindence limit than 95%. Other symbols are explained 
in the caption. The area shown by $ mark is assigned for the "earthquake province" 
in this study, and thus eleven earthquake provinces are found along the diagonal line 
from the upper left to the lower right in this figure. The locations of these earthquake 
provinces are seen in Fig. 4 by lines with arrows at both ends. In some provinces 
the solid line standing for the province is extended with a dotted line. In the part 
indicated by a solid line, each correlation between two compartments selected 
arbitrarily is established with a higher confindence limit than 95%. In the extended 
part with the dotted line, the above condition is satisfied if few exceptions are 
permitted. It may be said the maximum extension of the earthquake province. For 
the convenience of further discussion, the earthquake province is numbered from 1 to 
11 as seen in Fig. 4. 
   The aftershock areas of almost all the big earthquakes with magnitudes larger 
than 7.5 in the whole period are also shown in Fig. 4, by the domains surrounded by 
dotted lines. Only two cases are excluded; the Aomori-oki Earthquake on Sept. 12, 
1931 (M=7.6) and the Kinkasan-oki Earthquake on Nov. 3, 1936 (M=7.7) are not 
shown in the figure, because their aftershock areas are not clear from the data in JMA 
Catalogue. The list of great events of which the aftershock areas are taken in the 
figure is given in Table 1. 
   Fig. 4 indicates clearly the conformity of earthquake provinces and aftershock areas 
of great earthquakes. Some other interesting results may be worthwhile to be pointed 
out. Two neighboring aftershock areas are not overlapped with each other as well 
known (Mogi, 1968) and almost all the earthquake provinces can be separated from 
each other without overlapping as is seen in Fig. 4. One earthquake province between 
compartments Nos. 105 and 5 contains two separate aftershock areas, which are
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3 Symbolic expression of correlation probability between annual numbers in two  com-
partments. The symbols  $ . and - stand for a positive correlation with higher confidence 
probability than 95%, a positive correlation with lower probability than 95%, and a minus 
correlation, respectively.
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Fig. 4 Location of earthquake province and aftershock area. Solid straight line shows an 
earthquake province defined as the domain in which the correlation between every two 
compartments has a higher probability than 95%. The extention shown by a dotted line 
indicates the domain in which above condition is satisfied if few exceptions are permitted. 
The area surrounded by dotted curve is an aftershock area of a big earthquake in that 
earthquake province.
those of the Sanriku-oki Earthquake on March 3, 1933 and the Tokachi-oki Earthquake 
on May 16, 1968. 
   The series of earthquake provinces cover the whole region from off the coast of 
Etorofu in north to Kyushu in south with only one gap, which is located between 
compartments Nos. 18 and 20. It is very interesting that this gap exactly 
corresponds to the seismicity gap in the Tokai area, which has recently attracted 
much attension from the viewpoint of earthquake prediction. 
   Another noticeable point is that the conformity of earthquake province and
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   1963 43°45'N 
   1969 42°42' 
   1973 42°58' 
   1952  42.15° 
   1933 39. 1° 
   1968 40°44'
   1960 39. 8° 
   1938 37.  1° 
 No great  earthquake 
   1972 33°12' 
   1944 33. 7° 
   1946 33. 0° 
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aftershock area is not so clear for the province Nos. 7 and 8, which are situated off 
the coast of east Kwanto district. There has been no big earthquake in province No. 
7, in spite of that an earthquake province can be recognzied based on the definition, 
although the absolute value of correlation coefficient is not so high there. In province 
No. 8, there was a big earthquake at east of Hachijo Island on Dec. 4, 1972 (M=7.2). 
However, the magnitude of this earthquake is small in comparison to others of which 
the aftershock areas were shown in Fig. 4, and its epicenter was located considerably 
far from the Pacific coast of Honshu Island. The aftershock area of this earthquake 
does not cover the whole province as is seen in Fig. 4. If the province of No. 8 may 
not corrrespond to this earthquake, this province is in a similar situation to province 
No. 7. This might be due to the special tectonic situation that there is a  junction of 
 arcs from northeastern part of Honshu to Bonin Islands and from Kwanto to Kyushu, 
although the definite answer is open to future.
4. Existence of earthquake province in the period of stable activity 
   The next problem is whether the earthquake province can be recognized even in 
the stable period without big earthquake. To examine this problem, the whole 
period is divided into several subperiods as shown in Table 2. Six subperiods denoted 
by symbols from A to F for eastern part of the concerned region and three subperiods
Table 2 List of subperiods for eastern part (No. 120—No. 20) and 
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. 5 Examples of patterns of correlation coefficients in an earthquake province for various 
periods. 
(a)  Correlation coefficients between compartment No. 107 and other compartments in 
earthquake province No. 4 for subperiods of C, 1),  E and  0. The meaning of  symbol 
for period is explained in Table 2. Open circle implies the correlation with higher confidence 
probability than 95%. Solid straight line and extension represented by dotted line have 
the same meaning as in Fig. 4. 
(b) Similar figure to (a) for the province of No. 10 in subperiods of G, H, I and  0. 
(c) Similar figure to (a) for the province of No. 5 in subperiods of A, B, C, D, E, F and  0.
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from G to I for western part are adopted according to the times of occurrence of big 
earthquakes in each part. The symbol  0 in the table stands for the whole period 
of 1926-1973. The correlation coefficient and probability are computed for each 
subperiod, some examples of results being seen in Fig. 5. 
   Fig. 5 (a) shows the result for the province No. 4, which corresponds to the 
compartments between Nos. 109 and 105. The Tokachi-oki Earthquake on March 4, 
1952  (M=-8.1) took place in this province within the subperiod of D, no big earthquake 
having occurred in other subperiods. The correlation coefficients between compartment 
No. 107 and neighboring compartments for subperiods of C, D and E, as well as that 
for the whole period  0, are seen in Fig. 5 (a). Open circles in the figure indicate the 
coefficients of which the probability of confidence is higher than 95%. As is clear 
in this figure, the earthquake province according to our definition can be distinguished 
only in the subperiod of D, when the big earthquake occurred, except for the whole 
period of  0. The peak of coefficient at the compartment of No. 107 is nothing but 
the unity correlation between the identical time series within one compartment. It 
can be concluded, therefore, that the earthquake province cannot be recognzied in the 
stable period and that the significant correlation in the whole period is only a reflection 
of occurrence of a big shock and many accompanying aftershocks. 
   Similar result is obtained for the province of No. 10, as is shown in Fig. 5 (b). 
This figure represents the correlation coefficients between compartment No. 28 and 
neighboring ones for the subperiods of G, H and I and for the whole period of  0. The 
Nankaido Earthquake on Dec. 21, 1946 (M=8.1) took place in this province within 
the subperiod of H. In this figure again, the existence of earthquake province is 
distinguished only in the active subperiod of H. The high correlation in the whole 
period is due to the effect of the high activity in this subperiod. 
   Fig. 5 (c) represents the case of province No. 5. The situation about this 
province is different from others and the province corresponds to three aftershock areas. 
Three big earthquakes of the Sanriku-oki Earthquake on March 3, 1933 (M=8.3), the 
Sanriku-oki Earthquake on March 21, 1960  (M=7.5) and the Tokachi-oki Earthquake 
on May 16, 1968  (M=7.9) have taken place within the subperiods of B, E and F 
respectively. Although the epicenter of the Tokachi-oki Earthquake is far from those 
of other two Sanriku-oki Earthquakes, the high correlation of activity in the whole 
province was excited by every event, as is seen in this figure. In the stable subperiods 
of A, C and D the earthquake province cannot be recognized and the above men-
tioned conclusion is valid in this case too. 
   This conclusion is also adopted in the case of other provinces with one or two  excep-
tions. The gap of earthquake province in the region off Tokai coast, corresponding to 
compartments from Nos. 18 to 20, gives a support of the conclusion. However, the fact 
with respect to province No. 7 and probably No. 8 is contradictory. It may be said that 
the above conclusion is valid in general with one or two exceptions out of eleven. 
   The two big events of the Sanriku-oki Earthquakes occurred closely to each other 
with respect to their epicenters as is seen in Fig. 4. These two shocks excited the 
earthquake province of No. 5 in a similar way. Although this is only one example, Mogi
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(1968) stated that the  aftershock area of a big shock occupies the same area as those 
of events occurring in near position. If the conformity of earthquake province and 
aftershock area is valid, therefore, the above conclusion may  l  e generally accepted. 
Then the earthquake province can be concluded to be time persistent in such a sense 
that the location of a province is fixed irrespectively of the time of its existence, 
although it does not exist continuously. 
5. Conclusions 
   The existence of earthquake province, especially its time persistency, is examined 
based on a new data set by  JMA. The following conclusions are obtained. 
   1) Eleven earthquake provinces are recognized in the seismic region off the Pacific 
coast of Japan. 
   2) There is a gap of earthquake province at Tokai area corresponding to the 
seismicity gap. 
   3) The location of earthquake province is clearly in accordance with aftershock 
area of big earthquake in that province. 
   4) The earthquake province does not exist in the period of stable seismic activity. 
   5) The time persistency of earthquake province is valid only in such a sense that 
the location of an earthquake province is fixed irrespectively of the time of its 
existence, as in the case of aftershock area. 
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